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ABSTRACT

Accurate and robust capturing of interfacial discontinuities in coupled simulations of multimaterial
fluid dynamics and solid mechanics remains a challenging numerical problem [1]. This is especially

crucial when the underlying numerical schemes are high- (more than the 27y order accurate. In the
present study, we describe a new numerical algorithm that enables robust simulations under large
discontinuities in material properties across interfaces, without numerical smearing and associated
loss in accuracy. The method is based on the reconstructed Discontinuous Galerkin (rDG)
formulation, combined with the fully-implicit time discretizations and solved with a Newton-Krylov
(NK) algorithm [2]. The main driving concept is to avoid explicit differentiation across material
discontinuities, using material-sided least squares reconstruction and interfacial jump conditions to
maintain sharp multimaterial contact discontinuities. The method is designed to work with both the
immersed interfaces (“mix”-cells) and across the dissimilar-material element faces (“pure”-“pure”
cells). The concept of attaining a sharp solution (jump-condition-guided reconstruction) is the same
in both cases. The difference is in that the immersed-interface version is a two-step process, i.e. (1)
constructing the level set cutting the “mix” cells into curvilinear integration subcells, and (2)
reconstructing multiple solution fields (one for each material) in these cells, which can be utilized to
assemble (integrating conservatively) the residuals for the conservation laws evolved in the NK-
based iterative solution procedure. The “pure”-“pure” element face version reconstructs the solutions
on each side of the face, which are then used directly at the face flux integration stage. We will
discuss similarities and differences of our SI method compared to the well-known Ghost Fluid
Method (GFM) in finite-volume formulation of multi-fluid flows, and the xFEM methodology for
dealing with cracks in structural mechanics. In the present work, we demonstrate the performance of
this SI reconstruction for laser applications, which are important for both advanced manufacturing
and defense related analyses.
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